ABSTRACT Several long-term cultures were established from a spontaneous melanoma of a cat. Cells were rounded or spindle shaped and exhibited black/brown pigmentation in the cytoplasm. No virus was released from these cells spontaneously or after treatment with chemicals. However, exogenous infection of the cat melanoma cells with the endogenous cat virus RD114 resulted in remarkable morphological and functional changes. Most of the RD114 virus-infected cells exhibited multiple neuritic extensions and about 1-2% of the population showed characteristics of neuronal cells. Because human, mouse, and hamster melanoma cultures infected with various mammalian retroviruses, including the RD114 virus, did not display any morphological alteration, it is concluded that the neuronal cell differentiation in the cat melanoma cells is a consequence of its specific interaction with the endogenous cat retrovirus.
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Retroviruses are ubiquitous in nature and are associated with a large variety of neoplasms in their natural hosts (1, 2) . The evidence that the endogenous viral genes are conserved through evolution in most divergent vertebrate hosts suggests that they may provide some normal functions advantageous to that species. Although several investigators have implicated involvement of various retroviruses in hematopoietic, myeloid, and myoblast cell differentiation (3) (4) (5) (6) (7) (8) (9) (10) (11) , neuronal or neural cell induction by retrovirus has not been observed.
Recently, permanent cell lines from a spontaneous melanoma of a cat have been established (unpublished data) . The cultures are fully differentiated in terms of melanin production and consist of rounded or spindle-shaped cells, occasionally exhibiting small bipolar cytoplasmic extensions. The cat melanoma cells do not produce any retrovirus nor can a virus be induced in these cells by various treatments (unpublished data). However, exposure ofthese cells to the endogenous cat retrovirus RD114 (12) results in a remarkable change in morphology and virtually the entire culture becomes neural or neuronal. The RD114 virus-infected cultures, but not those that are exposed to other retroviruses, exhibit large multinucleated cell bodies with numerous long neuritic processes that communicate with similarly altered neighboring cells. Prior to this observation, RD114 virus was not shown to induce such morphological changes in the infected cat or other vertebrate cells (13, 14) . The RD114 virus-induced cat melanoma cells are most likely of neuronal origin, as they are terminally differentiated, do not proliferate in vitro or in vivo, and are deeply stained by silver impregnation techniques (15) . Inasmuch as the melanocytes originate from the neural crest of the embryo during embryogenesis, these findings seem to be important and suggest a significant role of the endogenous cat retrovirus in differentiation ofpluripotent cells in fetal growth or development ofspecialized functions (or both). In this article, I provide evidence that cat retrovirus RD114 may be involved in the neural/neuronal cell differentiation.
MATERIALS AND METHODS Cells and Viruses. Although three separate cell lines have been established in vitro from a primary melanoma in the throat and metastatic tumors in the lung and heart of a domestic cat (designated CT1413-T, CT1413-L, and CT1413-H, respectively) (unpublished data), most experiments were done on CT1413-L cultures because a better adherence of these cells facilitated their morphological evaluation. Human (18) , xenotropic (19) , and recombinant amphotropic viruses (20) . Other viruses included rat leukemia virus (RaLV), hamster leukemia virus (HaLV), simian sarcoma-associated virus (SSAV), squirrel monkey virus (SMV), Mason-Pfizer monkey virus (MPMV), several strains of feline leukemia viruses (FeLV), and baboon and cat endogenous viruses (BaEV and RD114, respectively) (12, (21) (22) (23) (24) (25) (26) (27) (28) .
Duplicate sets of human, cat, mouse, and hamster melanoma cultures were plated at a density of 106 cells per 25-cm2 flask in media containing Polybrene at 4 tkg/ml and were exposed separately to a multiplicity of infection (moi) of =':1 for each of the viruses listed in Table 1 . Cells were examined for morphological changes and virus replication was judged in the culture fluids by the presence or absence of reverse transcriptase activity as described (29) . The MuLV, FeLV, and RD114 virusinfected cells also were examined by immunofluorescence assay for the virus p30 antigens by the use of respective fluorescein isothiocyanate-conjugated antiserum (30) .
Neural-Specific Staining. Monolayer cultures of virus-exposed and unexposed control cells were fixed in 95% methanol and stained by the silver impregnation method (15) . Treatment of Melanoma Cells with Chemicals. To investigate whether chemicals can induce neuronal cell differentiation in the cat melanoma cultures, epithelial growth factor (EGF), cAMP, theophylline, 5-iododeoxyuridine (IdUrd), dimethyl sulfoxide (Me2SO), hypoxanthine, aminopterin, and tumor proAbbreviations: MuLV, murine leukemia virus; RaLV, rat leukemia virus; HaLV, hamster leukemia virus; SSAV, simian sarcoma-associated virus; SMV, squirrel monkey virus; MPMV, Mason-Pfizer monkey virus; FeLV, feline leukemia virus; BaEV, baboon endogenous virus; EGF, epithelial growth factor; Me2SO, dimethyl sulfoxide; TPA, 12-0-tetradecanoylphorbol 13-acetate; moi, multiplicity of infection; araC, 1-,B D-arabinofuranosylcytosine.
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The publication costs ofthis article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact. (Fig. 1B) . By 48 hr. almost all of the cells in RD114 virus-infected cultures were either multinucleated with numerous neuritic extensions characteristic of neurons or displayed smaller cell bodies with large bipolar processes linked with neighboring cells (Fig. 2) . This visual marker is referred to hereafter as differentiation.
In some respects, the morphological changes appeared to be directly proportional to the RD114 virus concentrations used. A moi of -1 was essential for induction of neuronal cell morphology within (32, 33) . Inasmuch as the cat melanoma cell line showed a potential to develop neuritic extensions after exposure to the cat endogenous virus RD114, the possibility of inducing similar changes by various chemicals was tested. As indicated in Table  2 , most of the chemicals tested did not induce neuronal morphology in cat melanoma cells nor did the cultures display neuritic extensions resembling those produced by RD114 virus.
Only TPA-treated cells showed filamentous extensions and connections that were somewhat similar in morphology to those observed in RD114 virus-infected cells, and drug toxicity was observed with higher concentrations of IdUrd, TPA, and aminopterin. No multinucleated neuronal cells were seen in TPAtreated cultures. As expected, (33, 34) , the cat melanoma cells treated with cAMP (1 mM) or theophyllin (1 mM) exhibited a significant increase in melanin synthesis (5-25% more than in untreated cultures) within 48 hr after treatment (Table 2) .
Tumorigenicity. None of the mice inoculated with RD114 virus-infected cells developed tumors, but the uninfected cells produced 100% (9/9) melanomas.
DISCUSSION
These experiments indicate that the feline endogenous retrovirus RD114 is capable of inducing phenotypic changes characteristic of neuronal cells in a cat melanoma culture. Because the cat melanoma cells are highly malignant and the induced neuronal cells are terminally differentiated (i.e., do not further divide), this system provides a unique resource with which to study the genetic factors that regulate expression of differentiation and malignancy in mammalian cells.
One of the prime considerations in cell differentiation is the knowledge of specific environmental and cellular factors that trigger changes. The results indicate that some ofthe chemicals that are known to induce neurite formation in the mouse and human neuroblastoma cells (33, 34) are not responsible for neuronal cell differentiation of the cat melanoma cells. Although some neurite formation was observed with TPA treatment, the most striking changes occurred when the cat melanoma cells were exposed to the feline endogenous virus RD114. This is important because RD114 virus is a nonpathogenic retrovirus that is naturally present as a provirus in the normal DNA of all cat tissues (35 The cat melanoma cultures exhibit a fairly homogeneous population of cells. However, because the melanocytes arise from the neural crest of the embryo during embryogenesis, it is conceivable that the melanoma cultures may contain precursors of neuronal cells-i.e., "proneuroblasts"-that are capable of differentiation in vivo or in vitro. Moreover, it is possible that an uncontrolled proliferation ofthis malignant melanoma may have conferred on these cells properties akin to some pluripotent stem cells that can be influenced by the environment (i.e., RD114 virus infection) toward further differentiation.
Although no differentiation was observed in the human, mouse, hamster, or cat melanoma cells infected separately with 14 other retroviruses (two separate attempts with two separate serum lots), it still is possible that future tests with viruses or chemicals will show that some of these cells can be induced to differentiate. Furthermore, the differentiation ofcat melanoma cells into giant neuronal cells also may depend on certain events in the cell cycle, similar to the hemoglobin gene induction in the Friend-MuLV system (40) . However, two melanoma cultures derived from single cell clones failed to display neuronal cells although they produced small neuritic connections after exposure to the RD114 virus.
Suppression ofthe tumorigenic potential ofthe cat melanoma cells by RD114 virus appears to correlate with reduction of melanin production in neuronal cells, as judged by a whitish cell pellet and DNA extracts of the differentiated cells. The reasons for this depigmentation are not known, but it is possible that the melanin synthesis is turned offonly in the more specialized neuronal cells and that the proliferating smaller cells continue to produce melanin. This was evident in several differentiated, araC-treated cultures that exhibited increased melanization of rounded nondividing cells but showed no pigmentation in the neuronal cells. A genetic analysis of these cells should provide an insight into the molecular pathways involved in various stages of differentiation and gene expression.
The mechanism ofcell differentiation is not well understood. However, several reports have implicated a relationship between retrovirus expression and cell differentiation (3) (4) (5) (6) (7) (8) (9) (10) (11) . For example, in murine and avian systems, a variety of hematopoietic, myeloid, or myoblastic precursor cells has been shown to differentiate in the presence ofthe respective strains ofretrovirus (3) (4) (5) (6) (7) (8) (9) (10) (11) . The finding of the neuronal cell differentiation by the endogenous cat virus, but not by any other retrovirus, suggests that the regulatory mechanism(s) in the neuronal cell differentiation in the embryonic cat brain may, in some ways, be associated with RD114 provirus gene expression. Therefore, it is tempting to speculate that, similar to the activation ofcellular onc genes in the chicken lymphoma (41, 42) , the random insertion of RD114 proviral promoter or enhancer sequences present in the long terminal repeat region may have altered the transcriptional controls of the gene(s) involved in neuronal cell differentiation of the cat melanoma. Conversely, the insertion of RD114 provirus at a specific integration site may mutate the cells' regulatory sequences in a manner that is favorable for the transcription of the neuronal genes that are inactive or constitutively expressed in the melanoma cells. A molecular understanding of the DNA sequences involved in the regulatory controls ofgene expression, particularly in the cat melanoma cells, would provide a good insight into the phenotypic diversity of cancer and differentiation. I 
